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I. DIAGNOSTIC LAYOUT
The access on ITER will be severely constrained. Besides the usual access limitations resulting from the toroidal geometry of a tokamak, ITER will have further restrictions due to the nuclear environment.
Shielding of the various liquid He-cooled coils, the overall volume of shielding, and the vast water cooling lines required for the shielding occupy much of the space near the tokamak and will limit port access. In the present design, port access is limited to vertical, radial and tangential 
II. DENSITY MEASUREMENT TECHNIQUES
Laser interferometry is a well established method for measuring electron density in high temperature plasmas. In a high temperature plasma the change in the refractive index is dominated by the electrons and, in a tokamak plasma can cause significant displacement, deflection and phase lag of a probing beam. A measurement of the phase lag caused by the electron density (n e ) is used to infer the line average density and is proportional to λ. Mechanical motion of the mirrors in the direction of beam propagation also produce phase shifts (∆φ = 2π ∆/λ; where ∆ is the change in path length due to the motion) in the plasma probing beam.
Vibration isolation structures are impractical on a machine the size of ITER, particularly with the restricted port access. A second wavelength interferometer can be used to compensate for any motion of the optical components. 4 This allows the optical components, such as the retroreflectors and relay mirrors, to be directly mounted onto the vacuum vessel or port structures. However the density resolution (for a given phase resolution) of the system is reduced proportionally to approximately the difference in the two wavelengths. If the phase lag caused by the electron density and the mechanical motion is larger then 2π then the time history of the phase throughout the discharge is needed to determine n e , and any loss of the time integral of the phase shifts during the discharge results in a loss of the density measurement.
Because of the mechanical motion of the optics in ITER, the total phase cancel and will not cause a significant error (Fig. 3) . The finite plasma pressure and the finite poloidal current in a tokamak causes a change in the toroidal field that will, in principle, affect the accuracy of the inferred density measurement. The local change in the toroidal field (B φ ) can be calculated from the expression for the change in flux
where I(r) is the enclosed toroidal plasma current at r and 
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III. PROBING BEAM WAVELENGTH CONSIDERATIONS A. Plasma effects
The large physical size and high plasma density of ITER restrict the use of long wavelength probing beams due to refraction and diffraction effects. On the other hand, density resolution, mechanical vibrations, and the impact on the optical surface quality of plasma facing optics from the harsh environment of ITER restrict the use of very short wave lengths.
The refractive bending of a tangential probing beam results in a translation of the beam at the return retroreflector that is approximately
proportional to n e λ for small deviations and peak displacement is roughly independent of the density profile shape. 2 The divergence of the probing beam determines the spot size of the beam at the retroreflector. For the spot size that contains 95% of the power is given by d r = 2 2 n(λz/π) 1/2 while the return beam spot size at the exit port (d w ) will be 2 larger. useless for wavelengths shorter than 10 µm. A more serious concern for the use of wavelengths of 1 µm or shorter is the optical quality of the plasma facing mirrors. The mirrors as shown in Fig. 1 are relatively close to the plasma and as will be shown in Section V distortion due to nuclear heating can becomes a serious problem for wavelengths much shorter then 10 µm. Our conclusion is that an appropriate choice of wavelengths for the system shown in Fig. 1 . should fall between 2 µm and 20 µm.
APPLICATION OF INTERFEROMETRY AND FARADAY ROTATION TECHNIQUES FOR DENSITY MEASUREMENTS ON THE R.T. Snider, et al.
NEXT GENERATION OF TOKAMAKS GENERAL ATOMICS REPORT GA-A22330 11
B. Choice of lasers
There are a number of possible combination of lasers that could be made to work in the wavelength region of 2 µm to 20 µm. Clearly a system based around a CO 2 10.6 µm laser would be the optimal since very large power commercial lasers are readily available and several systems have been routinely used on existing tokamaks. 5, 6 If we use as the primary laser line 10.6 µm and restrict the second laser required for the interferometry to wavelengths less then 10.6 µm and longer then say On JT-60U a system using two CO 2 lines (10.6 µm and 9.5 µm) has been demonstrated, 7 this system has the advantage that the power available in the two CO 2 lines is large and that the wavelengths are relatively long (compared to 3.39 µm). The disadvantage of the two wavelength CO 2 system is that since the two wavelengths are very close together the density resolution is very poor for a given phase resolution as compared to a system with the wavelengths are well separated. The JT-60U team is 
V. PLASMA FACING OPTICS AND NUCLEAR RADIATION EFFECTS
A primary concern for any optical diagnostic in a reactor environment is the survivability of the plasma facing components. In the case of the density monitor diagnostic shown in Fig. 1 
